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WHO Classification of Tumours of

the Central Nervous System

Edited by David N. Louis, Hiroko Ohgaki, Otmar D. Wiestler, Webster K. Cavenee
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General Rules for Clinical and Pathological Studies on Brain Tumors
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Third Edition, 2010
The Japan Neurosurgical Society
The Japanese Society of Pathology
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e 19tH#2 Macroscopy
Light microscopy

e 20tH# Histochemistry

Electron microscopy Y

Immunohistochemistry M
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In situ hybridization
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— glioblastoma vs malignant lymphoma vs
metastatic tumor vs abscess

— germinoma

vs mixed germ cell tumor
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Oligodendroglioma, smear preparation
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frozen section GBM smear preparation
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Meningioma, smear preparation
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frozen section Schwannoma smear preparation
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— “low grade glioma”

— “high grade glioma™

— “meningioma’
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Pilocytic a. Diffuse astro.  Oligodendrogl. Glioblastoma Medulloblast.
Subependym.  Gangliogliom. Ependymoma Anaplastic PNET
DNT Meningioma  oligodendrogl. Lymphoma
Schwannoma  Pituitary aden. Anaplastic Germinoma
ependymoma




Normal cell Tumor cell Diagnosis
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Diffuse astrocytoma

. Anaplastic astrocytoma
Pilocytic astrocytoma
 Subependymal giant cell
= astrocytoma

. r—z_,{ i

7, Gliobalstoma

b

~

ﬂ'(_“\q\' * Oligodendroglioma
L x P Anaplastic oligodendro-
3‘9,}., glioma
.} Oligoastrocytoma
\‘*"\ Anaplastic
" oligoastrocytoma

. Ependymoma
Anaplastic ependymoma




Medulloblastoma

PNET

Atypical teratoid/rhabdoid
tumor

CNS neuroblastoma
Ependymoblastoma

Normal Cell Tumor cell Diagnosis
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. -j.-:."j Schwannoma
MPNST
Neurofibroma

Meningioma
-« Atypical meningioma
4 Anaplastic meningioma
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Choroid plexus papilloma
Papillary ependymoma
Papillary structure Myxopapillary ependymoma
Papillary meningioma

Schwannoma

Nuclear palisading
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Ependymoma
Perivascular pseudo- ~ Astroblastoma
rosette Astrocytoma

Glioblastoma




Arrangement Name Tumor

Germinoma

Two cell pattern

Hemangiopericytoma
Solitary fibrous tumor
Stag horn vessels Mesenchymal chondrosarcoma

_ Ependymoblastoma
Ependymoblastic ETANTR

rosette Medulloepithelioma

Glioblastoma
Microvascular Anaplastic oligodendroglioma
proliferation Anaplastic ependymoma




fibd B 55 0D SE R (R

: SExfiE — RELT

[ — S
O)n_.\ |"4-H-

Ko rg

5 FRLUE — s

- ZEE S gradexR_IE
:yﬁﬁ%é
ST ENTED

- L‘(’Jb\d)HEii’a— ziny bulls

HIRT 21D

. BEDEMHEEZRIETLHELD




Mg s RERE

- RS ENR
- FEREIEFERA
- A IERL: £/HC

DIETE
SEDES
—FILRE

» IXIEBEZETADILFE

~ B EXDOEE
— HHAB IS RERE D M
- BEGFEEOHTE

TR E <Y —h
T —h—
ERTTEIGFEY




2 I Z5A 9 SR

Glioma: GFAP, S-100P, Olig2, nestin, mIDH1

Neuronal, glioneuronal tumor: NFP, synaptophysin,
NeuN, chromogranin A, Olig2

Embryonal tumor: INI-1

Nerve tumors: S-100P, Schwann/2E, vimentin
Meningioma: EMA, vimentin, D2-40, CD34
Germ cell tumor: PLAP, c-Kit, Oct4, D2-40
_ymphoma: CD3, CD5, CD10, CD20, bcl-2
Hemangiopericytoma, SFT: CD34
Proliferating cells: Ki-67
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Glioma: - S-100P, . nestin,

Neuronal, glioneuronal tumor: NFP, synaptophysin,
NeuN, chromogranin A,

Embryonal tumor: INI-1

Nerve tumors: S-100P, , vimentin
Meningioma: EMA, vimentin, D2-40, CD34
Germ cell tumor: PLAP, c-Kit, Oct4, D2-40
_ymphoma: CD3, CD5, CD10, CD20, bcl-2
Hemangiopericytoma, SFT: CD34
Proliferating cells:




GFAP

Glial fibrillary acidic protein

E

= 1E : astrocyte
= :astrocytoma,

oligodendroglioma,
ependymoma, etc. K RN,
* pleomorphic adenoma [ AR
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Oligodendroglioma, WHO grade [
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» basic helix-loop-helix ¥z B [X

Olig2

¥, 32 kDa
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= : oligodendroglia
4% . oligodendroglioma,
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oligoastrocytoma, diffuse astrocytoma,
pilocytic astrocytoma, glioneuronal tumors




Normal white matter Oligodendrogibma



Olig2 expression in human brain tumors

Histology

oligodendroglial tumors
oligodendroglioma
oligoastrocytoma
anaplastic oligo.
anaplastic oligoastro.

astrocytic tumors
pilocytic astrocytoma
fibrillary astrocytoma
anaplastic astrocytoma
glioblastoma

central neurocytoma

schwannoma




W DA vs OA vs Oligo

Glioblastoma

Anaplastic A. Anaplastic O.

Gemistocytic

Fibrillary Diffuse

Astrocytoma Oligodendro-

Protoplas glioma

Pilocytic A.




o >
.
- ' W g
~ -
+% *
e
o e 2
- ' ’. .
Ed -
-~ . ‘- - & ‘
: - .
& ;
. - ., ' - - .. ’
.. ‘. - - 5 L -
-
.o 5 N . . o
.'. - - - - 2
- -
L - 4 :
e
. e o
; -
“'. ” - >
o 8
L4 o . W ® » p »
- - E3
-~ - »
.. kﬁ ... ' P -
- - »
-
, .
¢ 4 4
' .

Astrocyoma

Olig2 Sl= 48.5%

e
4 »
® ’
0 .
7/ L
Y al® £ A
® o
M -
F K
-
3 .,
& I3 *
.







> > - ; : Q- » > . v " ) o €
b S ; [ ) ~ R -
, - Y ’c' . L, - ( :” ’
3 .y P 2 t' ‘_\
e e o .

" i, oy S &0 2" o . ) @;‘ p :
. ~ . - ;'\ " ot S A
- 5 _’ , ° C o (. .'"\t oA 3 (', ’
s & 3 0 a o "k _ pe ” > y .'I:A.. . s
& NS, 9% CR - e ° ‘ ;’4«'2‘/ &
2 - .@’9 ¢ o © .= 2«4 3 ‘i"
Dy~ WY NETal ~J-,. B “ € ez *% "y
3

.
< o ‘," oa 4 Q - ‘_ 4 . Y
& . v N
‘. g o f > A d b » - ‘f‘: "' " "\
'C‘® @ o ‘ . s rb W ~y S
@ e @ g »l o A ] . , L
6’ ¢ T 4 “ o » - .. ¥ " ® ¢
. o [ 1 - LN
» - 5
Q : ;r’ .. ) 5 0 e ’ 0 %
T - T N Rt : A 9
- : ‘ e ] 5 " & _ - - . .
WIS B s S e . W
T L G i % 7 | e - -
AL v Iy o i 4 @0 3 -

2 \e [ -1 & D Iy (1

Iiodendrogliom Olig2 SI= 4.%




Olig2 Staining Index

1

1p19gLOH(-) 1p19gLOH(+)

Suzuki A, 2012







Isocitrate dehydrogenase (IDH)

* Yan H, Parsons DW, et.al.

IDH1 and IDH2 mutations in gliomas.
N Engl J Med. 2009; 360(8).765-73.

« Capper D, ,von Deimling A.

Characterization of R132H mutation-specific
IDH1 antibody binding In brain tumors.

Brain Pathol. 2010;20(1):245-54.
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o Hydrogen X Ordinary bond
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A Coenzyme A GTP triphosphate
' NADH Nicotinamide adenine dinucleotide
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ADP +P,
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Pyruvate dehydrogenase Enzyme

Fumarase

a-ketoglutarate dehydrogenase
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Succinate dehydrogenase [ SuccinyI—CoA ]

succinyl-CoA synthetase

GDP +P,
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A Mutations B Frequency of Mutations
e 33 77
1 27/30 3436 B /DH2 mutated
43/51 W13 mpHI mutated
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Figure 1. IDH1 and IDH2 Mutations in Human Gliomas.

Panel A shows mutations at codon R132 in IDH1 and R172 in IDH2 that were identified in human gliomas, along with the number of

patients who carried each mutation. Codons 130 to 134 of IDH1 and 170 to 174 of IDH2 are shown. Panel B shows the number and fre-
quency of IDH1 and IDH2 mutations in gliomas and other types of tumors. The roman numerals in parentheses are the tumor grades,
according to histopathological and clinical criteria established by the World Health Organization. CNS denotes central nervous system.

Yan H, et al. 2009






Tumor Gender M/F Age median (range) IDH1R132H positive/total

Diffuse astrocytoma WHO I 33/20 36 (23-72) 44/53 (83%)
Anaplastic astrocytoma WHO llI 11120 38 (29-73) 25131 (81%)
Oligoastrocytoma WHO |l 416 37 (31-66) 9/10 (90%)
Anaplastic oligoastrocytoma WHO llI 513 41 (32-77) 718
Oligodendroglioma WHO Il 43 (33-65) 16/16 (100%)
Anaplastic oligodendroglioma WHO llI 44 (30-78) 14/16 (88%)

Secondary glioblastoma 44 (33-58) 517
Primary glioblastoma 61(33-94) 2/56 (4%)
Ependymoma WHO I 42 (1-66) 0M19
Ependymoma WHO llI 9 (2-47) 0147
Pilocytic astrocytoma WHO | 14 (2-56) 0/21
Meningioma WHO | 64 (31-88) 024
Medulloblastoma WHO IV 22 (1-61) 0125
Schwannoma WHO | 55 (16—-66) 012
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Astrocytoma, oligodendroglioma, oligo-
astrocytoma, secondary glioblastoma

ZREREGIIX. IDH1ID R132H (84%)
R12HZE D IDH1IZxt 3 AHiABE &
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Glioma vs Gliosis




Glioma vs Gliosis

N
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Adjacent metastasis

Brain invasive meningioma
Vascular malformation
Ischemia

Hemorrhage

CNS malformation
Hippocampal sclerosis
Unspecific inflammatory infiltrates
Abscess

PML

Multiple sclerosis
Vasculitis

Total 120 0(0%)  20(17%) 76 (63%)
Capper D, et al. Am J Surg Pathol. 2010

0 2
0 0
0 2
0 3
0 1
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0 2
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0 1

PO WO PRELE PBNOOW

o
=
N




Glioma vs Gliosis




Tumor margin® i




INIL

Integrase interactor 1 gene
Syn. hSNF5, SMARCB1
Locus: 22911.2

Biegel JA (1999) : AT/RTTIZINILIZZEE
MRS5S, Cancer Res 59: 74-79

Judkins AR (2004) : INI-1ZEBH DAL FE

LNTAT/RTOZET A AIEE, Am J Surg
Pathol. 28: 644-650




Atypcall ‘teratoid/r'habdowid tmr, H.E.




Atypical Teratoid/Rhabdoid Tumor
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Rhabdoid cells with intracytoplasmic filamentous inclusion
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Schwannoma

Traumatic neuroma




Schwann/2E

» RIAMREEREICETHRHE *
Schwannoma 72/92 (78.3%)
Neurofibroma 0/12 (0)

MPNST 0/6 (0)
Traumatic neuroma 3/3 (100)

—

« TOMODIKEE **
Glioma, meningioma, etc 0/339 (0)
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Ki-67 (MIB-1)
— Antigen: intranuclear proteins, 345 & 395 kDa

— Positive for cells in late G1, S, G2 and M phase
of the cell cycle

DNA topoisomerase Ila
Proliferating cell nuclear antigen
Thymidine-H3, BrdU
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Atypical meningioma: MIB-1 staining




Ki-67 (MIB-1) index

- fxifE¥5 Dgradingl< MIB-1 LI (%)

HMAT DA

— Astrocytoma

— Oligodendroglioma
— Ependymoma

— Meningioma

0 10 20 30 40

MIB-1 LI in astrocytomas




FISH/CISH |2 KA f2#T

1p/19qg codeletion
EGFR amplification
PTEN deletion
CDKNZ2A deletion

220
190

BRAF rearrangement

11.2 deletion
13.42 amplification

oligodendroglioma

glioblastoma

glioblastoma

glioma

pilocytic astro.
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ETANTR




FISH analysis: oligodendroglioma cell and ganglion cell

1p36(green)
1925(orange)

19p13 (green)
19q13 (orange)

Tanaka Y, 2011
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FISH

Case 1, ETANTR Case 2, ETANTR

Green: RP11-451E20 Green: RP11-451E20
(19p13.11) (19p13.11)
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